Subarachnoid block (SAB) or general anaesthesia (GA) was induced in 85 patients undergoing total hip replacement. The frequency of deep vein thrombosis (DVT), assessed by fibrinogen uptake studies and venography, was 29% in those patients receiving SAB and 54% in the GA group. Total blood loss (intraoperative and post-operative wound suction drainage) in SAB group was 66% and total transfusion volume 52% of that of GA group. No morbidity attributable to SAB or to the associated arterial hypotension was detected.
The frequency of total hip arthroplasty is increasing steadily in the U.K., and is likely to increase further (Morris, 1975) . The operation is associated with a high frequency of deep venous thrombosis (DVT) (Kakkar et al., 1972) and considerable blood loss (Murray, 1973) . Prophylaxis against DVT has been disappointingly ineffective, and has produced conflicting results (Kakkar et al., 1972; Hampson et al., 1974; Morris, Henry and Prestow, 1974; Rogers et al., 1978) . However, blood loss during operation is decreased following subarachnoid block (SAB) (Sculco and Ranawat, 1975) , and general anaesthesia (GA) with induced arterial hypotension (Davis, Jennings and Harris, 1974; Lawson et al., 1976) .
This study was undertaken to compare the effects of SAB associated with moderate hypotension with those of GA, on the frequency of DVT, blood loss and transfusion volumes and to detect any morbidity attributable to SAB.
PATIENTS AND METHODS
Eighty-five patients undergoing total hip replacement were studied. Forty-three received general anaesthesia, and 38 spinal anaesthesia. Patients suffering from thyroid disease, taking oral anti-coagulants or with a neurological spinal disease were excluded from the study.
Assessment before operation included physical examination, e.c.g., chest x-ray, determination of J. THORBURN, F.F.A.R.C.S., Division of Anaesthesia, Western Infirmary, Glasgow. J. R. LOUDEN, F.R.C.S., Division of Orthopaedic Surgery, Victoria Infirmary, Glasgow. R. haemoglobin concentration and full blood count. The concentrations of the serum electrolytes, urea and creatinine were measured also. The allocation of the patient to receive SAB or GA was dictated by the time available, as SAB took longer to induce than GA. No other factor influenced the selection of patients.
Patients receiving spinal anaesthesia were premedicated with nitrazepam 5-10 mg orally 90min, and morphine 7.5-15 mg i.m. 60 min before operation. The spinal puncture was made with the patient lying in the lateral position, on the affected hip. A 25-gauge spinal needle was inserted into the subarachnoid space and 2.3-3.0 ml of cinchocaine 0.5% in 6% dextrose (heavy nupercaine) was injected slowly. The lateral position was maintained for 5 min and then changed to supine. If necessary, diazepam was injected i.v. to produce a state of sedation in which the patient was drowsy but rousable.
Patients in the general anaesthetic group were premedicated with morphine 7.5-15.0 mg and atropine 0.6 mg 60 min before operation. Anaesthesia, induced with thiopentone, was maintained with nitrous oxide in oxygen. Following neuromuscular blockade the trachea was intubated and the lungs ventilated mechanically. Deliberate hypotension was not induced. During the operation e.c.g. and heart rate were monitored continuously and the arterial pressure measured intermittently using an oscillotonometer. Blood loss was measured gravimetrically and the volume of blood in the suction jars added to the estimate. The volume of blood transfused to each patient was noted.
The volume of blood in the wound suction drain was noted, and the drain was removed 48 h after operation. The haemoglobin concentration was measured on the 3rd day after operation and again before discharge from the orthopaedic unit, approximately 21 days after operation. The volume of blood transfused and the number of patients receiving a transfusion were noted. The greatest serum creatinine concentration after operation was taken as the "post-operative" value (table IV) , and the frequency and type of difficulty of micturition noted.
Investigations for the detection of DVT were performed as described by Louden and colleagues (1978) . Each patient had a fibrinogen uptake test performed within 2 h of surgery. This was repeated on alternate days and a bilateral ascending venogram performed 6-10 days after operation. DVT was said to be present when a positive fibrinogen uptake test at' one or more sites was associated with a venographic abnormality.
Mean arterial pressure was calculated as:
The results were analysed using Student's t test or y 2 test where appropriate.
RESULTS
Approximately two-thirds of the patients were female (table I) , but there were no significant differences between the two groups. 65.6 ± 1.1 64.2 ± 1.5
13.5 + 0.3 13.0 ± 0.3 111.7 ± 2.2 112.9 ± 2.1
90.3 ± 6.8 93.9 ± 5.6
38.0 ± 170.0 47.0-226.0
The blood loss during operation (table II) in the spinal group was 50% of that of GA group and the average mean arterial pressure in the spinal group was reduced from 112mmHg to 58 mm Hg during anaesthesia. This represents a mean arterial systolic pressure during blockade of 86 mm Hg. The mean duration of hypotension was 2.5 h. The mean arterial pressure in GA group varied during operation, unlike that of the spinal group. Intra-operative blood transfusion was given to four patients in the spinal group (mean volume of 500 ml); 33 patients in GA group received an average of 880 ml of blood (table II) . The total volume of blood transfused in SAB group was 52% of that in GA group (table III) .
The wound drainage after operation was 558 ml in the spinal group, which was slightly less than that observed in GA group, but the difference was not significant (table III) .
The mean haemoglobin concentration was significantly less in the spinal group on the 3rd day after operation by 0.88 g dl"' (P < 0.05), but by the 3rd week, no difference was observed (table  III) . A significant difference was observed between the haemoglobin concentrations before and after operation in both groups (table IV) . 90.3 ± 6.8 93.9 ± 5.6
102.8 ± 6.8* 93.4 ± 8.0
13.5 ± 0.3 13.0 ± 0.3 11.0 ± 0.3** 10.1 ± 0.3** 10.7 ± 0.3** 10.8 ± 0.3**
The serum creatinine concentration after operation was significantly increased in GA group, but no difference between values before and after operation was observed in the spinal group (table  IV) .
The frequency of difficulties of micturition is shown in table V. The results of this study show that SAB was associated with a significant decrease in the frequency of DVT after operation and the volume and frequency of blood transfusion. During surgery, SAB was associated with a significant decrease in the mean arterial pressure, and a 50% decrease in blood loss. Patients undergoing total hip replacement have the greatest frequency of DVT (Kakkar, 1977) and heparin prophylaxis has produced conflicting results (Kakkar et al., 1972; Hampson et al., 1974; Morris, Henry and Preston, 1974; Rogers et al., 1978) . Stamatakis and colleagues (1977) suggested that venous stasis occurring during this type of surgery is an important factor in the causation of DVT and, using intra-operative venography, were able to demonstrate stasis occurring in the leg veins. Blood flow is related to viscosity and the ability of red cells to deform readily during passage through vessels of diameter smaller than themselves. Dr A. Drummond (personal communication) has shown that the ability of red cells to deform is increased during SAB and this may be a factor aiding the increase in limb blood flow observed by Berenyi, Shimasato and Etsten (1964) thus reducing venous stasis and the frequency of DVT.
The total measured blood loss in SAB group was 66% and total transfusion volume 52% of that observed in GA group, but the 21-day haemoglobin concentration was similar in both groups. DVT is associated with red cell consumption, and the increased frequency of DVT occurring in patients receiving general anaesthesia may account for the similar haemoglobin concentration noted in both groups, despite the greater volume of blood received by GA group. Sculco and Ranawat (1975) compared SAB with GA, and Lawson and colleagues (1976) compared GA plus sodium nitroprusside-induced hypotension with GA, in patients receiving total hip replacement; both groups observed a 50% decrease in blood loss during surgery. The degree of hypotension achieved by Lawson was similar to that occurring in the present study.
Blood loss in this type of surgery is considerable (Murray, 1973) and Landmark and colleagues (1975) have drawn attention to the red cell mass deficit which occurs after operation. In Landmark's study sequential measurements were made of plasma and red cell volumes, and despite clinical and laboratory evidence of adequate blood replacement 2 h after operation, a 24% red cell mass deficit was observed 48 h after surgery. In the present study the haemoglobin concentrations had decreased significantly after operation in both groups of patients.
Patients requiring this type of surgery are usually elderly, and Alexander and Barrow (1978) found the frequency of hypertension to be over 60% in a group of such patients. Patient safety and the use of a hypotensive anaesthetic technique in this group of patients has been questioned by Dennison (1979) . In the present series, the patients in the spinal group, although drowsy, could communicate with the anaesthetist if disagreeable subjective sensations were experienced. No clinical evidence of cerebral dysfunction was observed and there were no abnormalities in the e.c.g. No patients in the spinal group developed cardiac or cerebral complications after operation.
If the arterial hypotension associated with SAB jeopardized organ function, this might be reflected in changes in renal function. No significant difference was observed between serum creatinine concentrations before and after operation (table  IV) in the spinal group, but a significant increase was observed in GA group. This evidence would suggest that renal function was not impaired by SAB.
On this evidence spinal anaesthesia offers considerable advantages over general anaesthesia by decreasing the frequency of DVT, blood loss and requirements for blood transfusion. No morbidity associated with the technique was observed; indeed there was evidence to suggest that renal function may have been impaired slightly following general anaesthesia. 
SUMARIO
En 85 pacientes sometidos a sustitucion total de la cadera se undujo bloqueo subaracnoideo o anestesia general. La frecuencia de trombosis en vena profunda, evaluada mcdiante estudios de venografia y de absorcion de fibrinogen, fuc del 29% para aquellos pacientes bajo bloqueo subaracnoideo y del 54% para el grupo de anestesia general. La perdida total de sangre (durante la operacion y teniendo en cuenta el drenaje de la herida despues de aquella) fue del 66% para el grupo con bloqueo subaracnoideo y el volumen total de transfusiones fue del 52%, en relacion al grupo de anestesia general. No se detecto mortalidad atnbuida al bloqueo subaracnoideo ni a la hipotension arterial asociada.
